Monocentric urban models predict that office rents will be higher in larger and more prosperous cities with better transport and stronger agglomeration benefits. In addition, rental yields should be lower in growing cities when the supply of new office space is more constrained and the supply of capital is less constrained. We present evidence that is generally consistent with these theories.
Introduction
The determinants of rental rates are well understood in the urban economics literature. For example, the canonical monocentric city models of Alonso (1964) , Mills (1967) and Muth (1969) predict that central business district (CBD) rents will be higher in bigger and more prosperous cities. More recent theory stresses the importance of agglomeration externalities, which makes firms more efficient when they locate in close proximity to each other (Lucas and Rossi-Hansberg (2002) ).
These theories suggest that CBD rents will be higher when it houses an industrial cluster with strong agglomeration externalities that require face to face interactions. 1 These advantages of agglomeration, and the resulting CBD rents, are higher still in cities with transit systems that more efficiently transport workers from outlying areas to the CBD.
The urban economics literature devotes less attention to the rental yields of commercial real estate. The rental yield, the rental rate divided by the property's value, is a function of the expected growth rate of future rents along with the rate at which those future rents are discounted. As such, rental yields are expected to be lower in growing cities that are likely to have future supply constraints and are expected to be higher in places with higher discount rates and capital constraints.
To explore these ideas, we analyze data on the rental rates and the rental yields of prime office buildings in 52 of the largest cities in 29 developed and developing countries over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] [2017] . The data set, provided by CBRE, is standardized in the sense that it is based on the rents and values of a hypothetical high rise Class A office property in different CBDs around the world.
The rental yield, as measured by CBRE, is the current rental rate divided by the value of a hypothetical high rise Class A office building that is fully rented at the prevailing rental rates. Previous studies make use of appraisal-based capitalization rates within a single country context. For example, Sivitanides, Southard, Torto and Wheaton (2001) make use of the NCREIF capitalization rates. addition to our broader sample, we do a separate analysis of a sub-sample of European cities, which provides a sample that is more homogenous on some dimensions, perhaps, allowing a clearer analysis of the dimensions in which they differ. While our main focus is on office space in central business districts (CBDs), we also consider a sample that includes suburban office rental rates and rental yields. This enables us to make use of the difference between CBD and suburban rental rates and rental yields to better understand the influence of agglomeration and transportation.
We examine rental rates and rental yields as functions of variables that capture various aspects of the size, economic activity, and transit infrastructure of the cities in our sample. To capture agglomeration benefits, we consider whether the cities are financial and government centers. Our conjecture is that all else equal, face to face interaction is more important in financial and government centers, making CBD locations in these cities more valuable relative to both suburban prime office space in the same city and prime office space in cities that are not financial or government centers.
The analysis also examines how characteristics of the debt markets influence rental rates and rental yields. Specifically, our regressions include the real interest rate, inflation rate, and the countries' credit ratings as independent variables. Our conjecture is that higher capital costs should increase rental yields, and if higher financing costs limit supply, it should increase rental rates. In theory, inflation can have either a positive or negative effect on property prices. Inflation increases nominal borrowing rates, which tends to increase the risk of borrowing, making it more difficult to raise money to develop and increase the supply of office buildings. However, because real estate tends to be an inflation hedge, office buildings can potentially be more attractive, and require lower real rates of return, when the inflation rate is higher.
Our cross-city analysis of rents is consistent with the predictions of the monocentric city models. CBD rents tend to be higher in larger and more prosperous cities and we observe higher rents in cities with more rail infrastructure. After controlling for both population and per capita income, rents are significantly higher in financial centers. However, we do not observe higher rents in government centers. We find that rents tend to be higher in countries where debt is more expensive. In addition to the effect of real interest rates, inflation increases rental rates, which is consistent with property owners requiring higher risk premiums in countries with higher inflation.
Our analysis of rental yields is generally consistent with the idea that future supply constraints reduce rental yields. Our conjecture is that the supply of new office buildings is likely to be more constrained in CBDs with better rail infrastructure because there is limited access to transit stops. Intuitively, rental yields should be lower in supply constrained CBDs; these locations are likely to experience greater future rental increases since future increases in demand tend to be offset less by increased supply. We find that rental yields are indeed lower in denser cities with better transport infrastructure. We also find that rental yields are lower in growing cities and are higher in locations with higher real interest rates. We also find higher rental yields in locations with higher risk and rates of inflation, suggesting the risks associated with higher nominal borrowing costs more than offsets any advantage associated with holding an asset that is a good inflation hedge.
Although the sample is relatively small, our analysis of the difference between CBD and suburban rental rates and rental yields is also interesting. We conjecture that being located in the CBD relative to an outlying location is relatively more valuable in financial and government centers, where face to face contact is more important. In addition, the relative benefit of being in the CBD is higher if there is rail transport to the CBD, and if the suburban locations are relatively far away. Consistent with the importance of proximity in financial centers we find that the difference between CBD and suburban rents is especially high and yield differences are lower in financial centers, but we again find no evidence of higher rents in the CBDs of government centers.
Although we are not the first to consider these issues, most existing studies focus on the determinants of both rental and cap rates within individual cities 3 or countries. 4 In addition to using a more standardized data set, relative to existing studies, we consider both a larger number of countries, developed and developing, and a broader set of city and country characteristics that are likely to influence property prices. We believe that we are the first to make use of the considerable variation in rental rates and rental yields across countries and between cities, together with the cross-sectional variation in the size, economic activity, transit infrastructure and the economic mix of the cities. We also believe that we are the first to consider differences between suburban and CBD rents in a cross-country study.
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The paper is organized as follows. Section 2 describes the methodology we use to examine the influence of agglomeration, public transport efficiency and job density on both rental rates and rental yields. The data we use and our sample are described in Section 3. Section 4 presents our results, and Section 5 draws some conclusions.
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Examples of individual city empirical studies include Mills (1992) (Chicago), Sivitanidou (1995) (Los Angeles), Englund, Gunnelin, Hoesli and Soderberg (2004) (Stockholm), Oven and Pekdemir (2006) (Istanbul), Kim (2007) (Seoul), and Ke and White (2009) (Shanghai) . 4 Examples of multiple cities analysis within the U.S. -include Sivitanidou and Sivitanides (1999) , MourouziSivitandou (2002) , Plazzi, Torous and Valkonov (2008) , Brounen and Jennen (2009a) , McDonald and Dermisi (2009) , and Chervachidze and Wheaton (2011). 5 There does exist a small literature that examines the cross-sectional variation in the determinants of both rental and cap rates across countries (Giussani, Hsia and Tsolacos (1993) (Western Europe) , Wit and Dijk (2003) (Europe, Asia and U.S.), and Brounen and Jennen (2009b) (Western Europe) ). These studies include fewer cities and consider fewer explanatory variables.
Methodology
Our proposed tests explore the relation between rental rates and yields; agglomeration (both finance industry and government clustering), job density and transport efficiency (both usage and time travelled), controlling for city and country characteristics, where appropriate. City level controls include CBD population, CBD population growth and CBD economic activity (GDP per capita).
While country level controls include real interest rates, inflation and the country's sovereign credit rating as a measure of political risk. Our baseline regression is:
where i indexes cities, c indexes countries, and t indexes time in years. The four dependent variables (Y) we examine include CBD rental rates, CBD rental yields and the difference between CBD and suburban rental rates and rental yields. The vector t represents year indicators that are included to account for aggregate fixed effects. We lag country and city level variables one year. Standard errors are clustered by city/suburb and time.
We estimate rental rate and yield regressions for the full sample of 52 cities from 29 countries over the period 2000 -2017. We also estimate separate regressions that include only the 32 European cities in our sample. We partition the sample by time period, 2000-2008 and 2009-2017 . This partitioning enables us to make use of the decline in commercial property values and subsequent reversal around the Great Recession, to capture any time series variation in the importance of agglomeration, job density and transport efficiency in determining rental rates and yields.
Finally, we estimate the difference in rental rates between CBD and suburban Class A office space for a sample of 86 suburbs across 19 cities (13 countries) and rental yields for 36 suburbs across 10 European cities (9 countries). This enables us to focus on a second aspect of the efficiency of a city's transport infrastructure beyond usage, namely the time taken to travel between CBD and suburban area by either public or private transport.
Data and Sample
Our primary data source for both city and suburb level data is the CBRE ERIX database, which for the period 2000-2017 provides us with annual rental rates and rental yields for prime office space, both CBD and suburban. Rent is the natural logarithm of US dollar rent per square metre for Class A office space of standard size for a blue chip occupier. The rental rates in this database represent CBRE's market view, which is based on an analysis/review of actual transactions and reflect relevant transactions that were completed in the market at the time but need not be exactly identical to any of them.
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The prime rental yield, Yield, is defined as the ratio of the annual net rental income (rent minus non-recoverable costs) and the total amount invested (purchase price plus purchasers' oncosts), achievable for a high rise Class A office building of standard size. It is based both on sale and purchase contracts concluded during the survey period, but again, need not be exactly identical to any of them. If there are no relevant transactions during the survey period, it will be based on expert opinion of market conditions, using the same criteria on building size and specification.
The proportional difference in prime rental rates between a city's CBD and its suburbs, To gain a basic idea about how rental rates and yields differ across countries, we compute the mean US dollar rental rate and rental yield by country for the period from 2000 to 2017. As can be seen in Figure The variable Financial center is a dummy variable, which is equal to one, for cities which are ranked in the top 10 in the biannual ranking Global Financial Centres Index (GFCI) prepared by the Z/Yen Group. One hundred and six financial centers were actively researched and eighty eight financial centers appeared in GFCI 21 (March 2017). The GFCI ranking is prepared using one hundred and one factors over five broad groupings -business environment, financial sector development, infrastructure, human capital and reputation. Capital city is a dummy variable equal to one for cities which are the capital city of one of the 29 countries in our sample and zero otherwise.
For the CBD of each city, we collect information on the population from Skyscrapers.com -Emporis GmbH. The size of the city is measured as the natural logarithm of its population, Population. Population growth represents the annual growth rate of the population of the CBD in each city. We also collected metropolitan GDP per capita in USD from the Mobility in Cities
Database. The prosperity of the CBD of each city is measured as the natural logarithm of metropolitan GDP per capita in USD, GDP per capita. We include Short real interest measured as 3 month nominal interest rate minus the inflation rate, where Inflation is measured as the change in country CPI index. Both the 3 month nominal interest rate and the change in the CPI are sourced from the World Bank Development Indicators. We include sovereign debt rating as a proxy for political risk. Rating is the natural logarithm of a numerical score between 1 and 18, which represents the Fitch country rating. The highest rating of AAA corresponds to 1 and lowest rating of D corresponds to 18.
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For each suburb of each city, we collect information on the road distance and travel times between a suburb and its CBD, taken from Google Maps. Distance is measured as the natural logarithm of the road distance between a suburb and its CBD in kilometers. Travel time -public is measured as the natural logarithm of the travel time by public transit from a suburb to its CBD at 8:30AM on a working day (Wednesday) in hours. Travel time -car is measured as the natural logarithm of the travel time by car from a suburb to its CBD at 8:30AM on a working day (Wednesday) in hours. Class A rental rates in the city's CBD. The lower rents in the suburbs probably reflect reduced agglomeration benefits relative to the CBD and the higher rental yields probably reflect the fact that suburban locations tend to be less constrained. While the distance between suburban prime office space and the CBD is 12.03 kilometers and the time taken to travel this distance by public transport versus private car is quite similar, 31.47 versus 30.65 minutes.
Summary statistics
( Table 2 about here) Table 3 presents correlations between rental rates, rental growth rates, rental yields, financial centers, capital cities, transport and job density, together with city level and country level controls for the both the full sample and the sub-sample of European cities. These univariate correlations indicate that rental rates are higher in larger, more prosperous cities with a higher frequency of public transport usage and more jobs. The univariate correlations also indicate that CBD rental rates are higher in financial centers, but not in governmental centers and that rental rates are higher when inflation is higher and when interest rates and political risk are lower. The correlations also indicate that rental yields are lower in cities that are more prosperous, where public transport usage is higher, where job density is higher, and where interest rates, inflation and political risk are higher. Finally, rental yields tend to be lower in financial centers but higher in capital cities.
In addition, Table 3 presents correlation between the proportionate difference in rental rates and yields between CBD and suburbs, travel distances and travel times. These univariate correlations indicate that differences in rental rates (yields) are higher (lower) in more prosperous cities with longer distances and longer travel times between the CBD and suburban Class A office space. We also find that the proportionate difference in rental rates (yields) between CBD and suburbs are higher (lower) for financial centers but lower (higher) for government centers.
( Table 3 about here) To investigate whether these variables are likely to be subject to collinearity problems in our later regression analysis, we examine the correlations between the independent variables that are used in our analysis. From Table 3 , we see that most variables are not highly correlated with each other, with some notable exceptions. In particular, the correlation between our transport measure and job density is 70.52%. While in the suburban sample we observe similar correlations between our distance and travel time measure. This multi-collinearity makes it difficult to interpret the impact of some of the individual variables; hence we examine these variables in separate regressions to mitigate this problem.
Regression Results
In this section, we begin by presenting our analysis of the determinants of rental rates and rental yields in CBDs. We will then analyse differences between CBD and suburban office rents. Table 4 presents the results of regressions of rental rates on measures of agglomeration, job density and the efficiency of the city's urban rail network, together with city and country level characteristics. We report separate regressions for our transport and job density measures to mitigate the impact of multi-collinearity. Columns (1) and (2) For the full sample of 52 cities, our evidence is generally consistent with the monocentric urban models. Rents are higher in larger cities, and although the effect is not statistically significant, per capita GDP is positively related to rents. We also find that rents are significantly higher in financial centers. Indeed, all else equal, rents in financial centers are 53.3% higher than in other cities. We find mixed results for rents in government centers, but the effect is very small and insignificant. A more efficient rail network and greater job density are also associated with higher rents. However, the impact is less significant; a one-standard deviation increase in the frequency of usage of the city's rail network (jobs in the CBD) leads to a 1.11% (1.10%) increase in CBD rental rates. Our evidence also suggests that conditions in the financial markets can affect rental rates. In particular, we find that CBD rental rates are higher in places with higher short-term real interest rates and inflation rates. A 1% increase in the real interest rate (inflation) leads to a 4.53% (6.22%) increase in CBD rental rates.
CBD rental rates
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There are some significant differences between the subsamples. The observation that rents are higher in CBDs with larger rail networks and greater job density only holds during the earlier sub-period. While the finding that CBD rental rates are higher with higher inflation only holds during the latter part of the sample, 2009 to 2017. Our regressions also indicate that being a financial center has a greater effect on CBD rents in Europe; ceteris paribus, rents in European financial centers are 73.9% higher. We also find that rents are higher in cities with more prosperous CBDs.
However, the association between transport utilization and job density is smaller and insignificant in the European subsample.
( Table 4 about here) Table 5 examines the determinants of the rental yields for CBD Class A office space. The table presents the results of the regression of rental yields on measures of agglomeration, job density and the efficiency of the city's urban rail network, together with city and country level characteristics.
CBD rental yields
We report separate regressions for our transport and job density measures to mitigate the impact of multi-collinearity. Columns (1) and (2) report the regressions for the full sample over the period 8
These findings reinforce the prior literature on the importance of a city's wealth and GDP, real interest rates and employment in the financial services sector on rents (Brounen and Jennen (2009b) , Wit and Dijk (2003) , Giussani, Hsia and Tsolacos (1993) , Ke and White (2009) , Sivitanidou and Sivitanides (1999) , Mourouzi-Sivitandou (2002), and McDonald and Dermisi (2009) We do not find a significant association between agglomeration and the rental yields for CBD Class A office space. However, we find that rental yields are lower in CBDs with a more efficient rail network and greater job density. A one-standard deviation increase in the frequency of usage of the city's rail network (jobs in the CBD) leads to a 1.1 (1.0) basis point decrease in CBD rental yields.
Our results are generally consistent with future supply constraints, rental yields are lower in growing cities, as expected, rental yields are higher in locations with higher real interest rates. A 1% increase in city's population growth rate leads to a 7.85 basis point decrease in CBD rental yields.
Reflecting the impact of the cost of capital on rental yields, we find that rental yields are higher when the real interest rate, inflation and political risk are higher. A 1% increase in real interest rates (inflation) leads to a 13.9 (37.1) basis point increase in CBD rental yields. While an increase of one rank in the countries sovereign debt rating leads to a 14.1 basis point increase in CBD rental yields.
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There are few differences between the subsamples. The observation that CBD rental yields are lower in CBDs with greater job density only holds during the latter part of the sample, 2009 to 2017. In Europe, the significant difference is the finding that rental yields are lower in cities with more prosperous CBDs.
These findings reinforce the prior literature on the importance of a city's wealth and GDP, real interest rates, inflation and risk on rental yields (Sivitanidou and Sivitanides (1999) ( Table 5 about here) Table 6 examines the determinants of the difference between the rental rates of CBD Class A office space and suburban Class A office space. The table presents the results of the regression of the difference in rental rates on measures of agglomeration, job density, the efficiency of the city's urban rail network, travel distances and travel times, together with city level characteristics. We report separate regressions for our measures of distance and travel time to mitigate the impact of multi-collinearity. Likewise, as with Table 4 , we report separate regressions for our transport and job density measures. Columns (1), (2) and (3) report regressions that include our transport measure, together with distance, time travelled by public transport and time travelled by private car, while columns (4), (5) and (6) report the regressions which include our job density measure, together with In Panel A we find that the prosperity of the city and travel distances (times) between the CBD and the suburbs affect the difference in rental rates between the CBD and suburbs. The difference in rents between CBD Class A office space and suburban Class A office space is larger, the longer travel times and distance between suburbs and the CBD. Likewise, the difference is larger in more prosperous and denser cities with more efficient rail networks and is also larger when the CBD is a financial center.
CBD versus Suburban rental rates
The change of classification of a city's CBD to a financial center leads to a 52.6% increase in the difference between CBD Class A office space rental rates and suburban Class A office space rental rates, which is of similar magnitude to the change in CBD rental rates reported in Section 4.1. Again, the effect of increased utilization of the rail network is less significant, a one-standard deviation increase in the frequency of usage of the city's rail network leads to a 0.10% increase in the difference between CBD Class A office space rental rates and suburban Class A office space rental rates.
Finally, consistent with Sivitanidou (1995), 10 we find that CBD and suburban rental rates differ more the longer the distance between the CBD and the suburb and the greater the travel time, both public transit and private car. For example, a one-standard deviation increase in the travel time by car from a suburb to its CBD leads to a 0.09% increase in the difference between CBD Class A office space rental rates and suburban Class A office space rental rates, which is of similar magnitude to the impact of the usage of the city's rail network on the difference between CBD and suburban Class A office space rental rates.
In Panel B we analyze a sub sample of 36 suburbs across 10 European cities, omitting German cities (Berlin, Frankfurt and Munich), with suburb-year observations of both rental rates and yields.
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We examine this sub-sample of CBD and suburban Class A office space rental rates to enable a comparison with our analysis of the determinants of the difference between CBD and suburban Class A office space rental yields in the following section. Consistent with the results for the full sample (Panel A) we find that the prosperity of the city, travel distances (times) between the CBD and the suburbs and whether the CBD is a financial center affect the difference in rental 10 Sivitanidou (1995) finds that office rental rates are lower in the Los Angeles area, the greater the distance to the CBD or airport, arguing that this distance represents the cost of business trips for face-to-face meetings.
This also has the benefit of examining the robustness of our results to the exclusion of Germany cities, which represents 43% of our original city/suburb sample. rates between the CBD and suburbs. The difference in rents between CBD Class A office space and suburban Class A office space is larger in cities with more prosperous CBDs, where the CBD is a financial center, the longer the distance between the CBD and the suburb and the greater the travel time.
However, contrary to expectations, in this sub-sample of European cities, we find that the difference in rents between CBD Class A office space and suburban Class A office space is smaller when the city's rail network is more efficient --a one-standard deviation increase in the frequency of usage of the city's rail network leads to a 0.04% decrease in the difference between CBD Class A office space rental rates and suburban Class A office space rental rates. This result is consistent with the negative relationship between transport utilization and CBD rents reported for a subsample of European cities in Table 4. ( Table 6 about here) Table 7 examines the determinants of the difference between CBD Class A office space rental yields and suburban Class A office space rental yields for a sub-sample of 36 suburbs across 10 European cities. The table presents the results of the regression of the difference in rental yields on measures of agglomeration, job density, the efficiency of the city's urban rail network, travel distances and travel times, together with city level characteristics. We report separate regressions for our measures of distance and travel time to mitigate the impact of multi-collinearity. Likewise, as with Table 5 , we report separate regressions for our transport and job density measures. Columns (1), (2) and (3) report regressions that include our transport measure, together with distance, time travelled by public transport and time travelled by private car, while columns (4), (5) and (6) report the regressions which include our job density measure, together with distance, time travelled by public transport and time travelled by private car.
CBD versus Suburban rental yields
We find that agglomeration influences the difference in yields between CBD Class A office space and suburban Class A office space. The difference is smaller in cities where the CBD is a financial center, but larger for a government center. The change of classification of a city's CBD to a financial center (government center) leads to an 81.1% decrease (44.7% increase) in the proportionate difference between CBD Class A office space rental yields and suburban Class A office space rental yields.
We find mixed results with respect to the influence of the efficiency of a city's transport infrastructure on the difference between CBD and suburban rental yields. We find that CBD job density and the efficiency of the city's rail network affect the difference in rental yields between the CBD and suburbs. The difference in yields between CBD Class A office space and suburban Class A office space is larger in cities with a more efficiency of the rail network and greater job density. A one-standard deviation increase in the frequency of usage of the city's rail network (jobs in the CBD) leads to a 0.04% (0.03%) increase in in the proportionate difference between CBD Class A office space rental yields and suburban Class A office space rental yields. While, the difference in yields between CBD Class A office space and suburban Class A office space is lower the greater are the travel distances (times) between the CBD and the suburbs. For example, a onestandard deviation increase in the travel time by public transport from a suburb to its CBD leads to a 0.03% decrease in the proportionate difference between CBD Class A office space rental yields and suburban Class A office space rental yields.
Endogeneity Issues
The reduced form regressions we report should be interpreted with some caution since some of the independent variables are clearly endogenous. In particular, cities are likely to expend more resources on rail transit and road networks when the agglomeration benefits of density are higher and job density will tend to be higher in cities with better transit options. The exact location of suburbs is also endogenous; suburbs may be closer to the CBD when the agglomeration benefits are higher. A structural model that accounts for these endogenous relationships is beyond the scope of this study and probably is not feasible given our limited data. However, we have estimated our regressions including only those independent variables that can plausibly be viewed as exogenous.
All of our main results continue to hold.
( Table 8 about here)
Conclusion
Urban theory suggests that CBD rents should be higher in larger and more prosperous cities (i.e., more productive cities) with greater agglomeration benefits and in cities in which transportation to the CBD is less costly. Finance theory indicates that rental yields should be higher when rental rates are likely to grow more slowly and where the cost of capital is higher. We believe this is the first paper that examines these propositions within the context of a broad cross-section of international cities.
For the most part, our analysis is consistent with both the urban and finance theories. In particular, CBD rents and the difference between CBD and suburban rents tend to be higher in larger and more prosperous cities, and are especially high in financial centers, where agglomeration externalities are especially strong. CBD rents also tend to be higher in cities with denser employment and better rail transit. We also find that attributes of the debt markets affect rental rates as well as rental yields. In particular, inflation increases both rental rates and rental yields, and other measures of capital costs, e.g., real interest rates and country credit ratings, have the expected effect on rental yields. We also find that rental yields are lower in high growth cities and denser cities that have better rail transit. Our explanation is that rents are more likely to grow in these more constrained cities, because increases in office demand is likely to be offset less by increased supply.
Before concluding, we should note that at this stage we are providing reduced form estimates, so one should not consider the analysis a direct test of any theory. Some of the variables that are of interest are clearly endogenous, e.g., cities are likely to expend more resources on rail transit when the agglomeration benefits of density are higher, and of course, job density will tend to be higher in cities with better transit options. Although our main results continue to hold in regressions that include only variables that can be viewed as exogenous, future work should attempt to sort through these endogeneity issues. These issues, however, are likely to be challenging, given our limited data. Hopefully, one can potentially sort through these issues with a larger cross-section of cities and plausible exogenous instruments that capture cross-sectional differences in agglomeration benefits. For each year, Figure 2 plots the mean US dollar denominated rental rate across the 29 countries, the 20 European countries and the 11 European countries that adopted the Euro. In addition, for the 11 European countries that adopted the Euro Figure 2 plots the mean Euro denominated rental rate. The rental rate is as defined in Section 3. 
